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0 HeadHip display. 

® In a conventional head-up display for a cun^ 
windscreen, the light beam containing the image of 
the display must tie pre-distorted before it impinges 
on the windscreen so that a coilimated, non-distorted 
image is reflected to the driver. The invention uses a 
transmission holographic system 8 in place of cor- 
recting optics and consists of two holograms, one of 
which corrects for chromatic abenraUon to permit the 

-use of a filtered incoherent source to illuminate the 

r display. 
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HEAD-UP DISPLAY 



This invention relates to heacKip displays. 
^ Such displays are known for use In aircraft 
wherein a pilot views a collimated display emanat- 
ing from a cathode ray tube and a conventional 
optical system. This is viewed through a partially 
transnniitting plane mirror known as a combiner. It 
has also been proposed for a cathode ray tube 
display to be used in conjunction with a holo- 
grkphiC mirror acting simply as a combiner or in 
the dual ro\e of combiner and collimator. 

Head-up displays are also known for use in 
motor cars but the display is reflected from the 
windscreen rather thin from a separate combiner, 
and the windscreen is usually doubly cun/ed with 
different curvatures in the horizontal and vertical 
axes. As a resuit the collimator optics must incor- 
porate means, such as additional cylindricar lenses, 
for compensating for the decoliima^on and distor- 
tion introdubed by the windscreen. Also, a different 
set of corrector optics must be used for any model 
with a significantly different windscreen curvature. 
It has also heen proposed (Eurojf>ean Patent Ap- 
plication No. 0 216 692> to reflect the display, not 
from the windscreen, but from a holographic mirror 
mounted on the windscreen . which may also act 
as collimator. 

The invention provides a tnead-up display for a 
curved windscreen, which comprises means for 
producing a beam emanating from a display ar- 
rjanged to be viewed by reflection in the wind- 
screen, and transmission hok^raphic means in the 
path of the beam before reflection at the wind- 
screen 'to correct for distortion produced at the 
reflectk^n. 

The reflection of the display at ttue windscreen, 
together with the use of transmission holographic 
means, separate from the windscreen, for correct- 
ing distortion produced at reflection* enables a 
head-up dlsf^lay to be produced at low cost 

the hpk>graphic nr^eans may include a holog- 
. ram derived from a laser beam reflected from the 
curved wihdsaeen akDng the same optical paths as 
those along which the display is viewed in use, and 
the invention also provk^ a method of recording 
such a hologram. A reference beam from the laser 
also impinges on the medium in which the holog- 
ram is recorded. Advantageously the hotographic 
means includes a second hologram to correct for 
deviation produced by the first hokjgram: this en- 
ables the reconstructing beam from the display to 
occupy a band of frequencies and hence ertables a 
k)w-cost filtered incoherent light source to be used. 
Such broad band holograph corrector plates are 
known for use in display holograms that are illumi- 



nated by filtered incoherent light sources. In the 
present case, however, neither the first nor the 
second hologram is modulated by information for 
generating an image of an object. 
5 The invention will now. be described by way of 

example with reference to the accompanying draw- 
ings, in which: 

Rg. 1 is a schematic drawing of a conven- 
1 tional head-up display for a motor vehicle; 
70': - ' ■ ■ Fig. 2. is a schematic drawing of a head-up 
' display for a motor vehicle constructed in accor- 
\ dance with the invention: = 
: ' . Fig. .2a; shows, for explanatory purposes, the 
- f>athG th9 light rays would take through the two 
,iti': tiolograms of figure 2 if they were spaced. apart: 
:■ ; - Fig. 3 is, a schematic drawing to illustrate ttie 
i .; method of^recordtng the first hologram; 

r.-r- Rg. 3a !s a> schematic drawing to illustrate 
: . V the t!lumination of the first holograrn; 
120 1 : Rg. 4 is a schematic drawing to illustrate the 
method of recording the second hologram; and 

Rg.. 4a is- a schematic, drawing to illustrate 
thQ-i!!umination of th© second hologram - 

: Referring to figure 1. conventional head-up dis- 
: plays for motor vehicles comprise a display 1, 
which could show vehicle speed pr. any other in- 
formation normaJly shown in displays on the fascia, 
and which emits a beam 2 which enters a com- 
50 bined collimator and corrector optics system 3. The 
beam is reflected from the windscreen 4 and en- 
ters the eye of the driver. In order that the driver 
. does not have to refocus his eye to read the 
display, the reflected beam is coinrnated i.e. the 
ss display appears to be at infinity. However, the 
vehicle windscreen is curved in directions both 
transverse to the vehicle and frorn top to bottom of 
the windscreen. Not only would the windscreen 
distort the (fisplay. but would also de-colUmate it. 
40 For this reason ejection optics is incorporated in 
the collimator 3 to compensate for this effect the 
distortion arKJ departure from collimation produced 
by 3 results in a collimated, true irnage of the 
object being viewed by the driver. 
45 Refening to figure 2, the head-up display ac- 

cording to the invention compriises a display 5 
vrhich emits a besxn 6„ a coUimatpr 7, and a holo- 
graphic system 8. The collioiator 7 and the holo- 
graphic system 8 sen^e the same function as the 
so combined collimator and conrector optics 3 of fig- 
ure 1 i.e. the distortion and departure from collima- 
tion of the beam incident on the vwndscreen is 
such that a collimated, tme image of the 'display 
• can be seen by the drivenThe light source could 
be a plasma source, or a back lit liquid crystal 
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display, or posibly a light emitting diode display, 
could be used. 

Figure 2a shows the two eiements of the holo- 
graphic system on an enlarged scale and also 
spaced apart fen practice they are sandwiched to- 
gether) and will be refen^ed to hereinafter. The 
system consists of a first hologram 9 and a second 
hologram 10. 

Rgure 3 shows the method of recording the 
first holograni 9. A collimated incident beam 11 
from a laser in the visible region impinges on the 
windscreen 4 at exactly the same position and 
orientation as does the beam reflected towards the 
driver shown in figure 2. The beam 11 is decol- 
limated and distorted \by the windscreen: and is 
incident on the ''recdi-dihg * medium. A collimated 
reference beam i 2 from - thfe^ laser Inclined, prefer- 
ably at 30* to the reffected be'arri is also-inci<jent 
on the recording mediunS: When the exposed re- 
cord irig'rriediu^ »;deveiop9d.' a ■ reconstructing 
beani 1 3 of the ' satme frequehcv as -the ^ recording 
laser iriciderit at 30 ' to th6 hdrrhair.td the recording 
mediuiri produces 'a beairi 14' identical to. but op- 
posite in diVection to, the beani"- 11 incident on the 
recording' mediuni.- When ihis beam 14 is incident 
on the Wihdscreen' in '-use. "a -non distorted col- 
liniated beim- is Yefiected towards the di-iver. 

The r^orciihg 'medium is a volume hologram 
recordrhg -medlto.-the thickrfesfs of which prefer- 
ably lies between 7 microns and 30 microns: 
changes iri intensity of the Inddent liight result in 
changes 'of refractive" index of the" recorcflng me- 
dium: It nrtay be high resolution silver hallde photo- 
girajphlc ' inateriai; • • dichromated • gelatin^ or a 
photopolymeric rnedium; - ■ ' ' ' 

Thei hdibgram 9 is analogous to a diffraction 
grating in that light of different colows (and hence 
wayi^iengths) are emergent at different angles. The 
light i^biirce' of the display is an incoherent source 
fiftef^d tp pass a narrow l5ar>d of wavelengths cen- 
ti^ pn' tfte recording laser frequency, but never- 
/j^^^^ abntains a sufficient spread of wavelengths . 
V^hat ehrohiatic aberration would be produced in the 
beani' 14. ' ^' 

It is tb ttVNoid tNs that the second hologram 10 
is provided. A first collimated beam 15 Is provided 
by the same laser as was used to produce the 
holb^irarn 9 is noirmally incident on the . sanrw re- ^ 
cording irno?lium as for the first hologram, together 
with a collimated reference beam from the laser 
Inclined at 30* to the incident beam: A nom^ally 
incident reconstructing beam 17 is deflected by 
30* to produce an emergent beam 18. 

Refening to figure 2. It will be seen that a 
frequency in the filtered incoheirent beam identical 
to the laser frequency normally Inddent on holog- 
ram 10 (beam 19) will be deflected (beam 20) 
through a certain angle but redeflected by holog- 



ram 9 to emerge normal (beam 21). However, a 
lower frequency component in the beam 19 would 
be deflected more (beam 20a) by the hologram 10. 
but this would again be compensated for by the 
5 hologram 9. since a lower frequency would again 
t>e deflected through a greater angle (beam 21a, 
again emerging normal to the hologram 9). 

Such a broad band corrector system is l<nown, 
but only in conjunction with display holograms 
70 which record images of objects to be viewed. 

The two holograms 9 and 10 are laminated 
together using the thinnest possible adhesive layer 
to avoid introdudng unwanted aberrations. 

The. holograms 9 and 10 so far described are 
75 originals and. while cheaper than the conventional 
f., ; correcting .optics, still require indiyidgal exposure 
with laser beams. However, the holograms can 
:r each be replicated . very ch©^^ a 
: laser pr a monochromatic incbh^^ent light source, 
20: such as aTtltered mercury lamp. Vr\e unit cost per 
.^yi^ r. vehicle joan. be redu^^ 

:.v.: Mhougil .the ,,yvind screen h^^^ been described 

V t as being for a yehicle. the invention is applicable to 
= „any;.>head-iup.. display for a cirye^ windscreen, for 
r. example.-,- it could be used on any btiher land ve- 
: hide or .water craft employing a cur>^ed windscreen. 
:- r : : Further.,^ although.the illustrated system pi-oduces a 
r,. . well jcorrected collimated image .i.e. the image is 
located at infinity relative to the viewer, the inven- 
, 30 tion Js aiso applicable to finite image conjugates i.e. 
the invention can also produce a well connected 
Image located at, any fixed distance In front of the 
viewer. 

. ;! Claims 

•i. A hesbd-up display for a curved windscreen. 
; which comprises , means for producing a beam 
emanating from, a display arranged to be viewed by 
reflection in the windscreen, and transmission holo- 
graphic means in the path of the beam before 
reflection at the windscreen to conrect for distortion 
produced at the reflectiicvi- 

2, A head-up display as clalmec! in ciiaim 1, in 
whidi the bean) producing means produces a col- 
, limated beam and the holographic means connects 

for dec^llimation produced at the reflecti 
- ^ 3. A display as claimed. in claim 1 or claim 2. 
so in which the holograpWc means Includes a holog- 
ram derived from a laser beam reflected from a 
curved windscreen aiong the same optical paths as 
those along which the display Is viewed in use. 
4. A display as claimed in dalm 3. in which the 
65 holographic means includes a second hologram to 
con-ect for deviation produced by the first holog- 
ram, to enable the reconstructing beam from the 
di^lay to occupy a band of light frequencies. 
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5. A display as claimed in claim 4, in which the 
display is illuminated by an incoherent light source 
and a filter which passes a band of frequencies. 

6. A display as clairned in any one of claims 3 

to 5. in which the holograms are derived by contact s 
printing from originals recorded with two laser 
beams. 

7. A display as claimed in any one of claims 1 
to 6, in which the beam producing means and the 
transmission holographic means are arranged to be to . 
mounted beneath the windscreen. 

8. A method of recording a transmission holog- 
ram for use for holographic means for correcting 
distortion produced by a curved, vyindscreen in a 
head-up display, which comprises reflecting a laser is ' 
beam from a curved windscreen onto the hologram 
along the paths it is desired that light from the. 
display will be reflected in use by the windscreen ... . 
towards a viewer. 
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0 Head-up display. 



0 In a conventional head-up display for a curved 
windscreen, the light beam containing the image of 
the display must be pre-distorted before it impinges 
on the windscreen so that a coilimated, non-distorted 
image is reflected to the driver. The invention uses a 



transmission holographic system 8 in place of cor- 
recting optics and consists of two holograms, one of 
which corrects for chromatic aberration to permit the 
use of a filtered incoherent source to illuminate the 
display. 
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